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The  earliest  demonstrable  effect of vitamin  A  deficiency in  rats t 
and guinea pigs  2 is upon epithelial structures. 
The sequences are atrophy of the epithelium concerned and the sub- 
stitution for it of a  stratified keratinizing  epithelium identical in ap- 
pearances in all locations and arising from focal proliferation  of basal 
cells.  Since replacement by keratinizing  epithelium  in many organs 
has also been found in human infants, 8  in the monkey Macacus rhesus, 4 
in the albino mouse,  5 and gross changes point to the same phenomenon 
in swine,  6 in dogs, ~  in rabbits, s in calves  9 and in the domestic fowl,  l°-n 
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the conclusions seem unavoidable that vitamin A is essential in most 
vertebrate species and that its withdrawal is followed by a  common 
effect upon epithelial structures.  For convenience this  change will 
be called metaplasia regardless of exact connotations of the word. 
Our conception is that the absence of vitamin A creates a starvation 
specific for many epitheliums,  resulting  in  atrophy,  which in  turn 
stimulates  reparative  proliferation  of  basal  cells  which  alone  are 
capable of multiplying in epitheliums with secretory functions.  The 
new (reparative) cells which replace the old in all locations  and  re- 
gardless of previous function and morphology acquire a common form 
and arrangement--that of a  stratified keratinizing epithelium  (Fig. 
9).  One is tempted to say that the cells concerned in repair revert to 
a common primitive type but is restrained by the unprovable if reason- 
able ontological implications involved.  The replacement epithelium 
in any location is identical with that in all others.  The morphology 
warrants conviction of absence of secretory function.  Cells of varied 
functions and morphology are completely masked by common features 
in A deficiency. 
Early experiments indicated that restoration of vitamin A  to ani- 
mals far advanced in the deficiency resulted in the return of epithe- 
liums normal for each situation. 
It is the purpose of this report to describe the sequences of repair in 
white  rats  in  epitheliums  only.  Simple  as  this  project  seemed it 
proved difficult because of the variation in order of organs involved as 
the deficiency progressed as was pointed out by us  in  1925.  Fortu- 
nately our series of complete histological studies of 72 A-deficient rats 
was sufficiently large to  enable us to  predict the probabilities as to 
histological changes (metaplasia) in rats used for repair experiments 
after consideration of weight changes and duration on the deficient 
diet.  Gross observations in post mortems of more than 200 other A- 
deficient rats gave us additional evidence for our estimations of prog- 
ress of metaplasia because the changes in appearance when the kera- 
tinization  is  fully developed are visible  to  the naked eye in  many 
locations. 
Methods 
The diet was that employed by us in 1925.  This diet is deficient 
also in vitamins C, D and E.  We have adhered to it because (1) evi- S. BURT  WOLBACH  AND  PERCY  R.  HOWE  513 
dences of C deficiency--scorbutic effects--cannot be produced in rats, 
(2) vitamin D  is not necessary to prevent rickets in rats under proper 
hygiene and with proper inorganic elements in  their diets,  (3)  the 
consequences of vitamin  E  deficiency have  been  accurately deter- 
mined by Evans and do not concern the type of lesion we are dealing 
with and (4)  we have found that histological recovery ensues when 
vitamin C only is restored to the diet.  The plan of the experiment 
was to restore vitamin A, usually in the form of butter fat, to the diet 
of rats in various stages of the deficiency. 
Our attempts to show graphically the order of appearance and de- 
gree of metaplasia in the various organs have been unsatisfactory be- 
cause of our inability to devise quantitative expression of histological 
appearances. 
Incidence of the Metaplasias 
Sixty-six rats kept on the A-deficient diet for 60 days and longer all 
showed the keratinizing metaplasia in some part of the eye group, the 
salivary gland  group, the  respiratory tract  and  the  genito-urinary 
tract.  Of six rats on the diet between 50 and 60 days, two showed no 
metaplasia while four did to some extent in all of the four tracts men- 
tioned above. 13  Much study of a table obtained by recording the pres- 
ence or absence of metaplasia in each organ for each rat  yielded no 
information of value.  The maximum and presumably the earliest 
effect during early periods centers about the salivary gland group and 
the respiratory tract.  In later periods the genito-urinary tract became 
equally important.  We  are  convinced that  the  conspicuous  gross 
effects upon the eye are in large part due to accumulation of desquam- 
ated cells in the conjunctival sac and consequent irritation.  Table I 
is an attempt to show the maximum distribution of the metaplasia for 
1s Under the eye group we include the conjunctiva, Harderian, intra- and extra- 
orbital lacrymal glands and the Meibomian glands. 
Under the salivary gland group---the submaxillary gland, the parotid gland and 
all accessory glands of the tongue, buccal cavity and pharynx. 
Under respiratory  tract--the nares, maxillary sinuses, Jacobson's organ, tra- 
chea and bronchi. 
Under genito-urinary tract--the renal pelves, ureters, bladder and the epidi- 
dymis, prostate,  seminal vesicles,  coagulating glands,  uterus,  oviducts and ac- 
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different  durations of deficiency  in rats studied histologically.  Because 
in many of the animals equally marked metaplasia was present in two 
organ groups, the figure ½ is used in the proper columns to indicate 
such distributions.  The figure 1 is used where one organ group was 
outstandingly affected.  It should be remembered that in every rat 
beyond the 50 to 60 day period some organ of all groups was affected 
as well as organs not included in Table I  as thymus, pancreas and 
thyroid. 
The last horizontal row in Table I  under Miscellaneous includes a 
TABLE  I 
Duration 
days 
50-60 
60-70 
70-80 
80-90 
90-100 
100-110 
130-150 
150-170 
170-190 
210-230 
236-260 
Miscdlaneous 
Examples 
6 
6 
4 
4 
10 
2 
6 
8 
9 
I 
3 
8 
Total.  7 
Ocular-para- 
ocular 
3 
3 
13 
13 
3 
½½½½ 
Salivary 
gland group 
33 
I1½3 
li3 
133 
i~1313 
13 
331 
1333 
½½½3 
½ 
½ 
½½½ 
22½ 
Respiratory 
tract 
13 
113 
½ 
11 
3 
½33 
11 
~llm~ 
3 
1 
1½½ 
21 
Genito-ud- 
nary tract 
½½ 
1½11½½ 
li½½ 
ill½½ 
1½ 
il½ 
Negative 
11 
number of rats which for brief periods received butter fat at times when 
it seemed apparent that they could no longer survive the deficiency 
and were thus carried for periods of 8 months to more than a  year. 
If we assume that at any given period  the  maximum metaplasia 
is  found in  the regions first responding to  the deficiency, Table  I 
practically substantiates the impression we have obtained throughout 
our histological studies that the order of response by metaplasia in 
the rat is salivary glands, respiratory tract, genito-urinary tract and 
lastly the ocular-paraocular group. 
Contrary to prevailing impressions, eye symptoms are a late effect 
and this has repeatedly proven true in the study of human material. S.  BUNT  WOLBACtt  AND  PERCY  R.  HOWE  515 
(In twelve infants showing postmortem evidences of A deficiency, the 
maximum effect was in the respiratory tract; in extreme cases only 
were the eyes affected.) 
The Repair Phenomena 
Thirty-five rats were used in the study of the repair phenomena. 
The periods on deficient diet ranged from 53 to 248 days.  The periods 
of treatment with butter fat ranged from 3 to 43 days.  Our observa- 
tions while covering all organs were chiefly directed  to  the salivary 
gland, the trachea and the uterus.  Accordingly many more female 
rats were used than male.  A few rats were given cod liver oil concen- 
trate (indicated in Table II) as a means of restoring vitamin A. 
We noted no qualitative difference in the epithelial responses, but 
as the concentrate was not calibrated any differences would have been 
without significance.  On the whole, repair was more tardy with the 
cod liver oil concentrate than with butter fat. 
The weights of all the rats were taken weekly.  Comparisons of the 
increase of weight, following restoration of vitamin A, with the evi- 
dences of epithelial repair for each rat showed without question that 
the degree of repair was commensurate with the recovery in weight 
and not with the duration of treatment.  Here again our inability 
to assign numerical values to degrees of presumable repair processes 
made attempts at charting results a futile performance.  A clean-cut 
correlation with gain of weight in the repair period was found in the 
restoration of growth activities of bone at epiphyseal-diaphyseal junc- 
tions.  Owing to the fact that a plate of bone forms on the diaphyseal 
side of the atrophic metaphyseal cartilage in advanced A deficiency, 
it is possible to  compare and probably to measure the amount of 
growth of long bones during the recovery period.  Bones and teeth 
in recovery from A deficiency will be discussed elsewhere. 
Probably the most important factor in influencing recovery from A 
deficiency is the presence or absence of infection.  Important infec- 
tions were surprisingly rare in our animals.  For example, death from 
pneumonia was a  very rare occurrence.  Local suppuration was not 
uncommon in and adjacent to cysts of unusual size distended with 
desquamated epithelium.  Ducts distended with cornified ceils and 
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TABLE  II 
Thirty-five Recovery Experiments 
Vitamin A  Deficiency Rats 
Rat No.  Duration of deficiency  Duration  of treatment 
x338 
218 
x340 
x334 
212 
239 
233 
234 
425 
232 
235 
397 
4O3 
393 
394 
4O5 
413 
399 
4OO 
396 
401 
4O9 
411 
412 
415 
414 
417 
418 
5O 
x354 
x343 
x345 
x341 
Sex  diet 
53 
62 
Q  63 
C  64 
7O 
C  103 
114 
114 
C  118 
o  ~  137 
9  138 
138 
o  a  138 
c~  143 
9  146 
o  ~  150 
150 
151 
151 
9  160 
161 
C  170 
170 
170 
170 
170 
187 
Q  187 
185 
9  196 
C  221 
9  248 
cV  248 
days  days 
19 
21 
8 
5 
9 
5 
3 
6 
10 
6 
5 
12 
12 
18 
22 
10 
13 
15 
20 
6 
22 
13 
13 
14 
14 
19 
7 
8 
43 
4 
3 
4 
4 
x indicates that a  cod liver oil concentrate instead of butter fat was used  to 
induce recovery. 
of  bacteria,  but  even  then  extension  through  the  living  epithelial 
lining into adjacent  tissues was very  rare.  A  few  instances  of  impor- S.  BURT  WOLBACH  AND  PERCY  R.  HOWE  517 
tant infection were encountered both in the large untreated series and 
in the thirty-five treated rats.  These were chiefly infections of bron- 
chiectases secondary to plugging of bronchioles with desquamated 
keratinized cells and abscesses of the base of the tongue following 
unusually large cysts produced by long continued accumulation of 
desquamated keratinized cells.  That infections of the lungs were not 
more common is surprising in view of the fact that fairly early in the 
deficiency, the ciliated epithelium of the respiratory tract may dis- 
appear and that foreign particles--starch granules, for example, from 
the food--can occasionally be demonstrated in the alveoli of the lungs. 
The conviction we expressed in 1925 that the condition of vitamin A 
deficiency does not increase susceptibility to infection by bacteria re- 
mains and is strongly reinforced by all subsequent experiences. 
Since the repair phenomenon is accompanied by infiltration of the 
metaplastic epithelium and supporting connective tissue by wandering 
cells, we emphasize here that the metaplasia of A deficiency in rats, 
guinea pigs and human beings, does not excite an infiltrative reaction, 
no matter how long the deficiency has continued unless secondary 
infection has occurred.  Bacteria and leucocytes may be present in 
great numbers in the superficial and desquamated keratinized ceils 
without the deeper layers of the epithelium or supporting tissues be- 
coming infiltrated by any type of wandering cell. 
Early in the study of the repair it became evident that the return to 
the normal type of epithelium was fairly abrupt and that the sequences 
were difficult to follow.  The rapidity of the process and its initial 
elusiveness we now know are due to the fact that in the stratified kera- 
tinizing epithelium of A deficiency, the lowermost layer of ceils, as in 
the stratum germinativum of epidermis, is composed of cells all capable 
of proliferation.  The return to the normal epithelium is therefore a 
diffuse process in marked contrast to the focal proliferative response 
in the deficiency.  No reparative change in epithelial tissues, bones 
or teeth, was seen in any animal before a substantial gain in weight 
had occurred as a result  of the restoration of vitamin A to the diet. 
The shortest period therefore has been 6 days, while several rats either 
failed to show any gain or gained very slightly in periods as long as 14 
days.  Most rats continued to decline in weight during the first few 
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In addition to resumption of growth in bones and teeth and the 
restoration of proper epitheliums, other important changes in A de- 
ficiency repair occur in bone marrow and spleen, essentially hyper- 
plasias of erythroblastic elements. 
The early surveys of the histology of the rats in stages of recovery 
were confusing because of apparent lack of sequence and variation in 
findings in the different organs of individual rats.  After a thorough 
review study of the deficiency changes in untreated rats our difficulties 
were cleared away by realizing that we could estimate in any recover- 
ing individual rat the stage or degree of metaplasia which existed be- 
fore treatment.  We shall omit many histological details which can be 
arranged in sets or periods of recovery phenomena, initiated at differ- 
ent stages of progress in developing metaplasia. 
The observations of major interest can  be considered under three 
headings: 
1.  Repair initiated before metaplasia is complete at the stage when 
the original epithelium, more or less atrophic, is undermined by an 
epithelium of basal cell origin which has not had time to develop into 
a  stratified or keratinizing epithelium. 
2.  Repair initiated after metaplasia is complete when the original 
epithelium has been replaced by a  stratified squamous keratinizing 
epithelium comparable layer by layer with the epidermis. 
3.  Repair of epitheliums normally either stratified or of the transi- 
tional type which, as a  result of A  deficiency, have become hyper- 
keratotic, such as the conjunctivae and bladder. 
Repair Following Incomplete Metaplasia.--Now we must recall the 
fact that frequently in the progress of A deficiency an atrophic epithe- 
lium is underlaid by a layer of multiplying cells one or more deep and 
as yet not differentiated to a  recognizable degree.  This process of 
undermining apparently takes place rapidly and the replacement cells 
may consist of a single layer of very fiat cells resembling peritoneal or 
pleural cells rather than cells with epidermoid potentialities.  In some 
instances the maximum surface has been covered for the number of 
cells  now  replacing  the  atrophic  original  epithelium  still  in  situ. 
Whether the replacement layer is one or several cells deep, each cell is 
capable of differentiating into the type normal for its situation, as 
well as into the keratinizing type.  The effects of vitamin A adminis- S. BURT  WOLBACII AND  PERCY  R.  HOWE  519 
tration at this stage are seen in the increase of vertical diameter of the 
cells.  If the replacement layer is several cells deep, some of the upper- 
most cells degenerate and cells from below extend up between them to 
the surface by elongation of their vertical diameters (Fig.  5).  The 
atrophic original epithelium may be cast off before the replacement 
cells have changed much in morphology, giving rise to what was at 
first a  perplexing appearance of trachea or gland ducts  lined by a 
shallow layer of flat cells. 
If the replacement layer at the initiation of repair is several cells 
deep, many of the superficial cells become rounded in form, the nuclei 
pyknotic, the cytoplasm hyaline and acidophilic in staining reaction. 
These degenerated cells separate and are cast off (Fig. 1).  As recovery 
progresses the deeper cells increase in vertical diameter and gradually 
assume the characteristics normal to the organ.  Where the replace- 
ment cells are not flattened and more than one cell deep, the ensuing 
epithelium becomes crowded in appearance and individual, well differ- 
entiated cells continue to degenerate (Fig. 1). 
Where the replacement cells are few in number for the area covered, 
they may become differentiated in function before assuming normal 
dimensions; for example, we frequently found lining the trachea in 
part or completely, cells, ciliated and mucus-secreting, with horizontal 
diameters more than twice the vertical.  The first evidence of the 
return of ciliation is the presence of minute paired dots beneath the 
cuticular border of surface cells, often at a stage when these cells are 
flat in shape.  Vacuoles of mucus also appear in flat surface cells with 
and without evidence of returning ciliation. 
The sequences described above all occur between the 5th and 13th 
days after restoration of the diet.  The important features to be em- 
phasized are that all or practically all of the replacement cells are still 
able to differentiate in either direction toward the squamous keratiniz- 
ing type or toward the normal type. 
Repair  Following  Complete  Metaplasia.--Repair at this stage involves 
the removal and disposal of keratinized cells and deeper cells irrevem- 
ibly  differentiating in  this  direction.  In  contrast  to  the original 
epithelium the replacement epithelium has a  stratum germlnativam 
every cell of which is capable of division by mitosis. 
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restoration of vitamin A to the diet.  They may not take place until 
7 days or even later according to the condition of the rat.  All rats 
which survived for as  long as  9  days  after  treatment  was  started 
showed evidences of repair towards restoration of normal epitheliums 
but,  as stated above,  increase of weight is the only positive sign of 
effect of treatment  to be correlated with epithelial repair.  The  re- 
sponse of the metaplastic epithelium is not simultaneous in all organs 
so that in any animal treated for periods longer than 10 to  12 days  all 
stages of repair may be found. 
The initial  changes are  separation  of superficial keratinized  cells 
and vacuolization of cells of intermediate layers.  Polymorphonuclear 
leucocytes enter the epithelium and are found between cells and in- 
vading vacuolated cells.  The vacuolization of cells seems to be the 
result of complete liquefaction or disappearance of cytoplasm.  Nuclei 
of such cells rapidly become pyknotic and eventuallydisappear (Fig. 6). 
Later,  owing  to  the  accumulation  of  leucocytes  and  increase  of 
vacuolization, the epithelium often becomes divided into two zones, 
one of deep viable cells, presumably not irreversibly differentiated and 
an upper zone of cells which degenerate and die  (Figs.  1, 4  and  8). 
Where the metaplasia has been so complete as to duplicate the strata 
found in epidermis, we are of the opinion that only the stratum ger- 
minativum survives. 
In some instances a  bottom layer two or three cells deep survives, 
but probably only in locations where there have been unusual collec- 
tions of undifferentiated cells from basal cell proliferation. 
The keratinized cells disappear in extraordinary fashion, impossible 
to follow, and permitting no explanation other than that of a  lytic 
process.  Our supposition was that  the completely keratinized cells 
would remain in ducts  for considerable periods during repair,  very 
promptly, however, after the initial vacuolization of cells and leucocy- 
tic infiltration has taken place, the keratinized cells disappear, leav- 
ing only granular debris or a very delicate barely visible reticulum in 
the lumina of ducts.  Phagocytosis plays no part in the repair proc- 
ess.  No example was found in the intensive study of the rat in these 
experiments.  Cells of intermediate layers corresponding to the stra- 
tum granulosum and rete mucosum may after vacuolization  of adja- 
cent cells of the same layers undergo a hyaline change and separate off, 
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The above described events take place with varying rapidity.  In 
the trachea the vacuolar degeneration and leucocytic infiltration may 
be so extensive as to give the appearance of actual disruption of the 
epithelium closely simulating an inAAmmatory reaction (Fig. 7).  In 
this type of reaction the lowest layers of cells may in places be lifted 
from the basement membrane and are to be found arching above the 
wandering cells, polymorphonuclear and mononuclear in type.  This 
picture may persist in the trachea until the epithelial cells have de- 
veloped basal bodies beneath the cuticular border in process of be- 
coming ciliate& 
Evidences of multiplication of cells in the deepest layer (correspond- 
ing to  the stratum  germinativum)  are  few as  would  be  expected 
inasmuch as these cells are capable of undergoing differentiation with- 
out replacement.  Mitotic figures  were found in small numbers usually, 
however, in the later stages of repair (Figs. 5, 7 and 8). 
Summarized, the sequences in the return to the normal epithelium 
are vacuolar degeneration of cells and leucocytic infiltration above the 
layer of undifferentiated cells with the formation of two  strata,  an 
upper non-viable stratum and a lower stratum, of which every cell is 
capable of multiplication or differentiation.  The upper stratum dis- 
appears by degeneration and lysis (probably both autolysis and heterol- 
ysis are involved) and the lower stratum develops into cells normal 
for the location. 
Where small ducts are distended by the accumulation of keratinized 
cells to a degree resulting in compression of the deepest cell layer, the 
vacuolar degeneration and separation of cells dominate the picture 
(Fig. 2) and the result for a time is that only a layer of flattened cells 
remains.  These  subsequently multiply and  assume  approximately 
normal cuboidal or cylindrical shapes. 
We have not ascertained the time required in rats with satisfactory 
gain in weight for completion of epithelial repair.  In several rats 
which resumed their normal rate of growth as shown by weight curves 
and less accurately by active growth of bones over periods of from 15 
to 22 days following restoration of vitamin A  to the diet, repair was 
far advanced in all situations and complete in most.  In all rats where 
large cysts had formed, such as those frequently found in the salivary 
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thelium persisted.  This was true also in other glands where the par- 
enchyma had atrophied beyond repair as in the lacrymal and Harder- 
Jan glands.  In infected cysts with purulent contents the keratinizing 
epithelium persists, notably in bronchiectatic cavities in  the lungs. 
The longest period was in a rat kept for 185 days on the deficient diet 
followed by 43  days  treatment with  butter fat.  This  rat  showed 
keratinizing epithelium in bronchiectatic cavities and in the cicatrized 
remains of the Harderian glands.  In all other locations normal epi- 
thelium had returned although cicatrices in the salivary glands and 
lacrymal glands gave evidence of previous lesions with infection. 
Repair of Epithdiums Normally Stratified.--This type  of  repair 
proved to be the simplest and applies to the first portion of the stom- 
ach where focal hyperkeratoses arise,  to the conjunctiva, palpebral 
and corneal, the vagina and the urinary bladder.  It was most easily 
followed in the corneal epithelium, palpebral conjunctiva and bladder. 
Promptly after restoration of vitamin A to the diet there is complete 
desquamation of keratinized ceils.  The effect of this can be followed 
in the living animal in the rapid amelioration of signs of conjunctival 
irritation.  Even where the duration and degree of hyperkeratosis of 
the cornea were such as to produce a vascularization of the cornea the 
return to the normal epithelium was prompt, 7 to 8 days, and complete. 
The blood vessels in the tunica propria persist for an undetermined 
period after the recovery of the epithelium. 
In  the  palpebral  conjunctiva,  mucus-secreting cells  make  their 
appearance in the deeper layers of cells before the desquamation of the 
superficial cells is completed. 
In the urinary bladder and vagina some vacuolization of cells pre- 
cedes the desquamation of the superficial keratinized cells and in early 
stages of repair indicates the line between the several layers of super- 
ficial degenerating cells and the lower viable layer of cells.  Cellular 
infiltration is slight or absent (Figs. 3 and 4).  Repair is completed by 
the cells of the basal layer assuming the morphology and functions of 
the normal type of epithelium. 
DISCUSSION 
While no mention has been made of each organ in which A deficiency 
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all locations mentioned in our previous reports.  We have restudied 
the sections o1 all of our A-deficient rats and guinea pigs and again 
conclude that the replacement of stratified keratinizing epithelium is 
identical in all locations and comparable in all its layers with epider- 
mis.  This restudy also permits us to state that the masking of the 
original epithelium is in every location a  complete one.  We could 
find no clue for identifying former normal characteristics in the re- 
placement epithelium of the deficiency in any organ. 
The phenomena of recovery are common to all locations and in each 
location the normal type of epithelium returns via differentiation of 
the viable cells of the lowermost layers which correspond to those of 
the stratum germinativum.  For the duration of our experiments we 
must conclude that the cells capable  of multiplying preserve their 
identities.  There is,  however, a  suggestion that permanent loss of 
identity may occur after  functional destruction of the  organ  as  a 
whole because of the persistence of stratified keratinizing epithelium 
in infected cysts and in cicatrized glands for the longest repair period 
--43 days---of our series. 
The sequences in repair indicate that in recovery from A deficiency, 
all cells which have progressed to a certain degree toward keratiniza- 
tion either degenerate in situ and disappear or are cast off and dis- 
appear.  The line of demarcation between the viable and non-viable 
cells must represent that layer of cells where differentiation has pro- 
gressed to an irreversible stage.  This layer is close to the stratum 
germinativum, probably not above the second layer of cells and prob- 
ably most often includes all cells above it. 
The metaplasia of A  deficiency and its recovery is  a  cycle that 
probably does not occur in animals in natural habitats.  The fact 
invites speculation regarding the mechanism of repair.  Repair proc- 
esses following  physical and chemical injurious agents have, in general, 
counterparts  to  be  found  in  normal growth processes.  The  only 
normal process which involves mechanisms similar to those in recovery 
of epitheliums in A deficiency is that of the changes in the vagina of 
rodents during the estrous cycle.  Here the sequences involved in the 
periodic cornification of the vaginal mucosa bear some resemblance 
to those of A deficiency metaplasia while the sequences concerned in 
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and  include  the  vacuolar  degeneration,  leucocytic infiltration  and 
desquamation of cells we have described.  ~4 
Another viewpoint to be considered is that the degeneration of cells 
and leucocytic infiltration represent inflammatory responses to  the 
presence of cells become foreign after restoration of normal conditions 
of nutrition. 
As it is probable that in stratified epithelium the ceils  above the 
stratum germinativum are dependent upon the latter for sustenance, 
we may reason that all the events are secondary to the sudden shift in 
trend of differentiation in the cells of the stratum germinativum.  We 
have described how the cells of this layer proceed to  redifferentiate. 
Early in recovery they must therefore become an independent tissue 
unit,  no longer contributing to overlying cells, and must  act as a 
barrier between overlying cells and the supporting connective tissue 
with its blood vessels.  If the degeneration of the upper cell layers is 
due to withdrawal of nutrition, autolysis might be regarded as a logi- 
cal consequence and the infiltration as a response to the presence of 
products of autolysis.  However, the cytological appearances are not 
in accord with this theory in explanation of the vacuolar degeneration 
and infiltration,  as both occur before the appearance of the usual 
familiar evidences of cell degeneration caused by withdrawal of nu- 
trition.  On the whole, however, we are inclined to believe that the 
theory approximates the facts and that the unfamiliar appearances 
accompanying degeneration and death of the cells are due to latent or 
potential physiological properties of the  cells  suddenly released or 
activated by restoration of vitamin A. 
The fact of greatest interest is the preservation by the cells of the 
stratum germinativum, of  the identity of  the  original  epithelium 
throughout the period of metaplasia.  The evidence is conclusive that 
all the cells of this layer can assume the original functions and mor- 
phology without undergoing division when supplied with vitamin A. 
We may, therefore, conclude that the nuclear chromatin remains un- 
affected by the deficiency. 
We believe that careful cytological studies as the deficiency pro- 
gresses  and during the  recovery phenomena may yield interesting 
correlations between morphology  and function.  In 1925 we concluded 
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that  the  mitochondrial  apparatus  was not  the  seat  of the  primary 
injury in A  deficiency and  suggested  that  nuclear  changes were im- 
portant.  Obviously if there are two sorts of chromatin, one concerned 
with preservation of identity (idiochromatin)  the other with cell func- 
tion (trophochromatin), we have in the cycle of A deficiency metaplasia 
and recovery, a  possible means of securing appropriate  material  for 
this study. 
CONCLUSIONS 
1.  In vitamin A  deficiency, the replacement stratified keratinizing 
epithelium is morphologically identical in all locations. 
2.  All cells of the lowermost layer of the replacement  epithelium 
have proliferative power as in the stratum germinativum of epidermis. 
3.  In  recovery,  in  spite  of  the  complete  morphological  masking, 
the epithelium in each region returns to its normal type. 
4.  The important histological features of repair involve removal of 
the  layers of  cells irreversibly differentiated  towards  keratinization 
and direct differentiation of the stratum germinativum into the normal 
type.  These take place simultaneously. 
5.  The histological sequences observed in the removal of cells above 
the stratum germinativum indicate that autolysis as shown by vacuo- 
lar degeneration and heterolysis as shown by leucocytic infiltration are 
involved. 
6.  The  cycle of A  deficiency metaplasia  and  recovery affords an 
experimental method available for the correlation of nuclear chromatin 
and types of cytoplasmic activities. 
EXPLANATION OF  PLATES 
All illustrations  are  from camera  lucida  drawings at approximately  ×  700. 
Modified Giemsa staining with Zenker fixation and paraffin embedding. 
PLATE 36 
Fro. 1.  Uterus, mid-portion.  Rat 411.  170 days on deficient diet, 15 days on 
recovery diet.  Initial  weight  132 gln.  Maximum weight  159 gln.  At end of 
deficient diet, 105 gin.  On the recovery diet it gained 9 gin. in 7 days; final weight 
not recorded.  Note vacuolar  degeneration,  leucocytic infiltration,  hyaline de- 
generation of superficial cell and cells of basal layer assuming columnar shapes. 
The line of demarcation between viable and non-viable strata shows clearly. 
FIG. 2.  Submaxillary gland ducts.  Rat 401.  161 days on deficient diet,  22 
days on recovery diet.  Initial  weight 81 gin.  Maximum weight 114  gin.  At 
end of deficient diet, 87 gin.  On the recovery diet it gained 30 gm. in 15 days; 526  EPITHELIAL REPAIR AI~TER VITAMIN  A  LACK 
final weight not recorded.  Cross-sections of two ducts, each one probably pre- 
viously distended with keratinized cells.  Note the vacuolar degeneration of re- 
maining cells,  the absence of comified cells,  the leucocytic infiltration  and the 
flattened cells of the basal layer.  These ducts were in an atrophic cicatrizing re- 
gion of the gland, a condition not accompanied by complete restoration of the duct 
epithelium which usually reaches only a low cuboidal type. 
FIG. 3.  Renal pelvis.  Rat 401.  Repair in epithelium originally of transitional 
type.  The cornified cells  have  desquamated.  Intermediate  layers  in stage of 
vacuolar degeneration. 
PLATE 37 
Fro. 4.  Uterus, distal end of cervix.  Rat 401.  A more advanced stage of re- 
pair than in Fig. 1.  The fine of cleavage between surviving cells and degenerating 
cells  clearly  shown.  The  stroma  is  sparsely  infiltrated  with  lymphoid  cells, 
polymorphonuclear leucocytes and rarely a mast cell. 
FIG.  5.  Submaxillary gland duet.  Rat  405.  150 days on deficient diet,  10 
days  on  recovery diet.  Recovery following incomplete  metaplasia.  There  is 
slight vacuolar degeneration.  Cells of basal layer in process of direct resumption 
of normal morphology. 
FIG. 6.  Uterus, body, distal third.  Rat 401.  For duration of diets and weights 
of rat, see above.  Repair following complete metaplasia.  In right half of figure 
an epithelial "pearl" is disappearing by vacuolar degeneration and probable heterol- 
ysis through agency of leucocytes.  Elsewhere the cornified epithelium has des- 
quamated, other superficial cells  are separating from one another.  The deeper 
layers show infiltration and vacuolar degeneration. 
FIG.  7.  Trachea.  Rat  336.  This  rat  was kept  on a  partially  deficient diet 
for 161 days, followed by 81 days on a  completely deficient diet.  To induce re- 
covery 13 intraperitoneal  injections of cod liver oil concentrate were given in a 
period of 17 days.  The rat died after a slight gain in weight apparently from toxic 
effects of the concentrate.  The trachea shows repair following probable incom- 
plete metapiasia.  There is evidence of desquamation of superficial cells.  Cells 
of intermediate layers are surviving.  There is considerable infiltration with mono- 
nuclear and polymorphonuclear cells.  Infection cannot be ruled out as an ex- 
planation of the infiltration in the connective tissue. 
PLATE 38 
FIG. 8.  Sublingual salivary gland duct.  Rat 393.  143  days on deficient diet, 
18 days on recovery diet.  Initial weight 85  gm.  Maximum  weight  128  gin. 
At end of deficiency diet,  109 gm.  On the recovery diet it gained 16 gin. in 12 
days; final  weight not recorded.  Cross-section of a  duct  showing repair  after 
complete  metaplasia.  Note  columnar  basal  cells,  infiltration  and  extensive 
vacuolar degeneration. 
FIG. 9.  Submaxillary gland duct.  Rat 100.  181 days on deficient  diet.  To 
show complete metapiasia before the epithelium has become distorted by pressure 
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